D
iabetic micro-and macrovascular complications are a major concern for patients with diabetes because they increase morbidity and mortality risk. Diabetes complications are also an economic challenge for both patients and society. Although multifactorial interventions consisting of lifestyle modification and aggressive treatment of hyperglycemia, hypertension, and dyslipidemia reduce progression of microvascular complications, development of cardiovascular events, and mortality by 50% in type 2 diabetes (1), the clinical course and treatment response varies among patients, and some have to halt treatment due to adverse events.
Addressing traditional modifiable risk factors such as blood glucose, blood pressure, cholesterol, and smoking is useful, but is not sufficient to obtain optimal individual treatment or to predict response to treatment. Potential inclusion of genetic information (pharmacogenomics), termed "personalized medicine," may help fill this gap.
Familial clustering of diabetic nephropathy and cardiovascular disease in diabetes (2-5) has led to a search for genetic risk markers for nephropathy and other complications. Hypothesis-driven evaluations of candidate genes and recent unbiased genome-wide association study analyses have been applied. Although several genetic markers have been identified, they have modest importance and none has been implemented for clinical use (6, 7) .
Hypothesis-driven research has often focused on genes associated with cardiovascular disease (CVD), with an early focus on an insertion (I)/deletion (D) polymorphism in the ACE gene. Studies initially reported the ACE I/D polymorphism was associated with diabetic nephropathy (8, 9) . Additional studies suggested a pharmacogenetic effect in which the degree of decline in renal function on ACE inhibitor (ACEi) treatment depended on genotype (10), while no difference was seen for angiotensin receptor blocker (ARB) treatment (11) . A post hoc analysis of the Reduction of Endpoints in NIDDM With the Angiotensin II Antagonist Losartan Study of losartan in albuminuric type 2 diabetic patients confirmed that among patients treated with conventional antihypertensive medication plus placebo, DD genotype carriers had 38% increased risk for development of the composite end point of doubling of s-creatinine, end-stage renal disease, or death compared with the II genotype. Similarly, DD genotype also had the greatest effect of losartan with 28% risk reduction, mitigating the effect of genotype on prognosis (12) .
The study by Rurali et al. in this issue (13) has applied a comparable, but more comprehensive, hypothesis-driven approach to search for pharmacogenomic factors for the development and treatment of diabetes complications. Endothelial dysfunction is a key feature in diabetes complications that is associated with increased production of the thrombogenic multimers of von Willebrand factor (VWF), as well as reduced production of ADAMTS13. ADAMTS13 is a member of the a disintegrin and metalloproteinase with thrombospondin type 1 motif family that is involved in removal of VWF multimers. In experimental studies, a lack of ADAMTS13 results in uncontrolled VWFmediated thrombosis. Rurali et al. first demonstrated reduced secretion and activity of ADAMTS13 in cells and blood from healthy control subjects with a specific genetic variation in ADAMTS13. This variant (618Ala) was present in 17% of both patients and healthy control subjects. Second, they analyzed the impact of this gene variant as well as its interaction with ACEi treatment on the development of renal and CVD complications among normoalbuminuric type 2 diabetic patients in the Bergamo Nephrologic Diabetes Complications Trial (BENEDICT). The study included 1,163 patients randomized to ACE inhibition or placebo, and evaluated renal progression (development of persistent microalbuminuria) or CVD events or a combination of the two. Overall, carriers of 618Ala had an equivalent rate of renal and CVD complications as those with the wildtype Pro/Pro genotype. When evaluated by type of treatment, carriers of 618Ala had the highest rate of progression to microalbuminuria (14.6%) compared with wild-type Pro/Pro homozygotes on non-ACEi treatment (10.4%). However, when treated with ACEi-which reduced overall development of the renal end point-the rate among "high risk" 618Ala carriers was reduced to only 2.9%, compared with 6.4% among "low risk" Pro/Pro carriers. Similar findings were observed for the combined CVD and renal end point, whereas for CVD alone the results were less evident. In other words, those who needed the treatment the most experienced the greatest benefit. Based on this observation, the authors suggested that this variant could not only identify patients with excess renal and cardiac risk but also those who may benefit most from the reno-and cardioprotective effects of ACEi.
To add further support to the findings, the authors measured ADAMTS13 activity in a subset of patients and demonstrated less activity in carriers of the Ala variant compared with the low-risk wild-type, but increased activity in Ala carriers on ACEi versus non-ACEi. Finally, ADAMTS13 activity was lower in patients who developed study end points compared with control subjects matched for treatment and when compared with healthy nondiabetic subjects.
The major strengths of the new study are that the effects of the genotype were not only identified on clinical study end points, but a functional link between genotype and phenotype (ADAMTS13 activity) in an experimental setting was also observed. However, as the authors point out, a limitation of this study is that it is a post hoc analysis from the BENEDICT trial, suggesting that confirmation from other studies is needed. Furthermore, the biological rationale for interaction between ACEi and genotype is not known. Whether the same effect would be seen with progression to more advanced stages of diabetic nephropathy or whether it is also relevant for type 1 diabetic patients are unclear. Additionally, results may only apply to Caucasian populations, and whether it is relevant for treatment with other ACEis or ARBs used to block reninangiotensin system in type 2 diabetes remains uncertain.
If confirmed, ADAMTS13 could pave the way toward the paradise of personalized medicine, as described in the CLIPMERGE PGx program in which a biobank, including genotype information and additional relevant information, is linked to an electronic medical record (14) ( Fig. 1) . Algorithms then inform decisions on treatment based on the combination of disease and genotype. In future diabetes care, the decision on whether to treat or how to treat could rely on risk profiles built on phenotype information, genomics (or proteomics or other "omics") (15), as well as other markers for potential treatment side effects. Together, these new approaches may facilitate optimal personalized treatment (16) .
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